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INTRODUCTION 

The c o a l  g a s i f i e r  program c u r r e n t l y  underway a t  t h e  General 
E l e c t r i c  Corpora te  Research and Development Cen te r  h a s  as i t s  g o a l  
t h e  development o f  an advanced coa l - to-gas  convers ion  sys tem which 
w i l l  permi t  subsequent  removal o f  p o l l u t a n t s  b e f o r e  combustion and 
pe rmi t  maximum u t i l i z a t i o n  o f  t h e  f u e l  i n  a combined g a s  t u r b i n e /  
steam t u r b i n e  powerplan t .  The development of  such  an  advanced 
convers ion  and c lean-up  sys tem i s  r e q u i r e d  i f  t h e  advantages  o f  
t h e  new g e n e r a t i o n s  of u l t r a - h i g h  t empera tu re  g a s  t u r b i n e s  i s  t o  
have a wide impact i n  mid- t o  base- load power g e n e r a t i o n  based  on 
c o a l  (I). 
i n t e g r a t i o n  of advanced f u e l s  supply  and u t i l i z a t i o n  sys tems.  E m i s -  
s i o n s  l e v e l s  o f  SO,, NO,, and p a r t i c u l a t e s  demand a coal convers ion  
p rocess  which imposes an  e f f i c i e n c y  p e n a l t y  on t h e  o v e r a l l  c y c l e  which 
t h e  new u t i l i z a t i o n  sys tems must coun te rba lance  wi th  e f f i c i e n c y  in -  
creases. On t h e  o t h e r  hand, t h e  g e n e r a l l y  h i g h e r  t empera tu res  of t h e  
advanced u t i l i z a t i o n  sys tems seem t o  r e q u i r e  an e v e r  c l e a n e r  f u e l  due 
t o  a c c e l e r a t e d  consequences o f  c o r r o s i o n ,  e r o s i o n ,  and d e p o s i t i o n  on 
gas  pa th  p a r t s ,  and  tendency  toward i n c r e a s e d  NOx p roduc t ion .  

In f a c t ,  t h e  r equ i r emen t s  o f  t h e  environment have encouraged 

The work p r e s e n t e d  h e r e  d e s c r i b e s  some o f  t h e  e a r l y  commissioning 
t r ia l s  of an advanced g a s  producer  c a l l e d  GEGAS-D. 
a r e a c t a n t  b l a s t  o f  a i r  and s t e a m  and produces a f u e l  gas  a t  300 p s i  
(20  a t a )  w i th  a composi t ion o f  approximate ly  25% CO,  1 5 %  H 2 ,  3% CH4,  
7 %  C 0 2 ,  5 0 %  N 2  and a h e a t i n g  v a l u e  o f  abou t  1 6 0  B t u / s f t 3  (1500 kcal/Nm3). 
A well-burned a sh  i s  t h e  on ly  s o l i d  p roduc t .  The c u r r e n t  t r i a l s  a r e  
p a r t  of a program which addres ses  f o u r  major needs o f  t h e  f u e l s  conver- 
s i o n  system i n  an advanced, combined-cycle based  on coal: 

T h i s  u n i t  accep t s  

(1) A broad  accep tance  of c o a l s  w i t h  h igh  cak ing  and swe l l ing  

( 2 )  The a b i l i t y  t o  hand le  c rushed ,  run-of-mine c o a l  w i t h  high 

(3)  Minimum use  o f  p rocess  s t e a m .  
( 4 )  A r e d u c t i o n  i n  t h e  l a b o r  f o r c e  t r a d i t i o n a l l y  r e q u i r e d  t o  

p r o p e r t i e s .  

c o n t e n t s  of f i n e s .  

o p e r a t e  c o a l  g a s i f i e r s .  

These fou r  major needs  are b e i n g  addressed  i n  d i s t i n g u i s h a b l e  p o r t i o n s  
o f  t h e  GEGAS program. 

A deep bed a q i t a t o r  i s  employed a t  t h e  t o p  of t h e  GEGAS r e a c t o r  
t o  allow u s e  of c a k i n g  c o a l s .  The a g i t a t o r  i s  an  advanced v e r s i o n  of 
t h e  type  p ionee red  a t  E R D A ' s  Morgantown Energy Research C e  t r i n  t h e  

t h e  coa l  cakes ,  t h e  a g i t a t o r  s lowly  b reaks  t h e  l a r g e  c h a r  masses t o  
pe rmi t  t h e  g a s - s o l i d  c o n t a c t  r e q u i r e d  f o r  g a s i f i c a t i o n .  

4 2 "  d i ame te r  f i x e d  bed which h a s  ope ra t ed  t h e r e  s i n c e  1 9 6 8  T2y. AS 
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A c o a l  e x t r u d e r  is be ing  developed  t o  hand le  c o a l  f i n e s .  It 
accep t s  underscreenings  from t h e  c rushed  run-of-mine p roduc t ,  b l ends  
t h e s e  f i n e s  wi th  byproduct  t a r ,  and s imul taneous ly  compacts and f eeds  
t h i s  b l end  through a s e a l  d i r e c t l y  t o  reactor p r e s s u r e  wi thou t  re- 
q u i r i n g  a lockhopper.  I n  a d d i t i o n  t o  avo id ing  blowover o f  t h e  f i n e s ,  
t h i s  technique  a lso reduces  t h e  lockhopper f eed ing  requi rement  and 
p rov ides  a means by which t h e  'Typroduct tar can be  r e i n j e c t e d  (as 
b i n d e r )  w i th  t h e  f e e d  and c racked .  Work on t h e  e x t r u d e r  h a s  been 
p resen ted  e l sewhere (3 )  and w i l l  n o t  be  covered h e r e .  

The r educ t ion  i n  steam consumption i s  b e i n g  enab led  by t h e  u s e  
o f  a novel  g r a t e  sys tem a t  t h e  bottom o f  t h e  g a s i f i e r .  T r a d i t i o n a l l y ,  
s t e a m  consumption h a s  been s e t  e m p i r i c a l l y  by r e a c t o r  o p e r a t o r s  who 
would u s u a l l y  employ a l a r g e  excess  o f  s team so as t o  avo id  problems 
wi th  t h e  format ion  of a s h  c l i n k e r s  i n  t h e  f u e l  b e d ( 4 ) .  Normally, 
even locally-formed c l i n k e r s  would n e c e s s i t a t e  reactor shutdown. 
The GEGAS g r a t e  p e r m i t s  d i r e c t  mechanical access t o  such c l i n k e r s  
wh i l e  t h e  g a s i f i e r  i s  on- l ine .  I t  then  b reaks  and d i s c h a r g e s  them 
from t h e  r e a c t o r  w i t h  t h e  rest  o f  t h e  a s h .  With t h i s  f e a t u r e ,  t h e  
o p e r a t o r  can now reduce  t h e  margin o f  excess  steam,and steam 
u t i l i z a t i o n  i n  t h e  r e a c t o r w i l l  b e  i n c r e a s e d  from 40% t o  close t o  80%.  

I 
t h e  gas  product ion  p l a n t  by use  o f  minicomputers f o r  d a t a  a c q u i s i t i o n ,  
p rocess  op t imiza t ion ,  and p r o c e s s  c o n t r o l .  With equipment now 
a v a i l a b l e  t o  a u t o m a t i c a l l y  "poke" t h e  bed (st irrer) ,  remove a s h  from 
t h e  bed, and o p e r a t e  lockhopper valves f o r  cha rg ing  c o a l  and d i scha rg ing  
a s h ,  minicomputers can a c t u a t e  t h e s e  mechanical f u n c t i o n s  on a r o u t i n e  
b a s i s .  However, even beyond t h i s ,  t h e  computer can e v a l u a t e  producer  
performance by comparing it to  p r e d i c t e d  performance i n  g a s i f i e r  
mathematical  mode l s (5 ) ,  p roceed  t o  op t imize  t h e  producer  e f f i c i e n c y ,  and 
a l e r t  t h e  o p e r a t o r  t o  any out -of -spec  parameters  t h a t  might arise be fo re  
they  become s e r i o u s .  

F i n a l l y ,  t h e  program a i m s  t o  reduce  manpower requi rements  f o r  

Beyond simply c o n t r o l l i n g  t h e  g a s  p roduce r ,  t h e  computer system 
can  become a p a r t  of the  o v e r a l l  combined-cycle master c o n t r o l  system. 
While t h e  gas  producer  i s  b u t  a s m a l l  u n i t  o p e r a t i o n  i n  t h e  overall 
c y c l e ,  it must be  c l o s e l y  i n t e g r a t e d  wi th  t h e  rest of t h e  powerplan t .  
F igu re  1 shows concep tua l ly  how a GEGAS g a s i f i e r  could  b e  i n t e g r a t e d  i n t o  
a Genera l  E lec t r ic  STAG combined c y c l e .  C a l l s  f o r  i n c r e a s e d  f u e l  gas  
w i l l  r e q u i r e  more a i r  e x t r a c t i o n  from t h e  gas  t u r b i n e  and more f e e d  water  
from t h e  steam cyc le .  V a r i a t i o n s  i n  gas  load  w i l l  r e q u i r e  d i r e c t  com- 
pensa t ion  by t h e  gas  clean-up system because  o f  t h e  i m p r a c t i c a l i t y  o f  
s t o r i n g  l a r g e  volumes o f  t h i s  r a t h e r  l e a n  gas .  Computed, ra ther  than  
hard-wired, l o g i c  w i l l  b e  employed i n  t h e  master c o n t r o l  system t o  
g i v e  t h e  powerplant o p e r a t o r  much more f l e x i b i l i t y  i n  meet ing v a r i a b l e  
load  demands wi th  c o a l  o f  lowest cost b u t  o f  va ry ing  q u a l i t y .  

Th i s  paper  w i l l  d e s c r i b e  work which addres ses  the needs o f  t h i s  
p l a n t  t o  handle caking  c o a l  ( 1 1 1 )  a t  l o w  steam consumpt ions(#3) .  I t  
fo l lows  work done i n  t h i s  l a b o r a t o r y  a t  low p r e s s u r e  i n  a s m a l l e r  
scale g a s i f i e r ( 6 )  whose o p e r a t i o n  provided  a des ign  b a s e  f o r  t h e  
p r e s e n t  equipment. 
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TIIEORY 

The purpose  o f  t h i s  pape r  i s  p r i m a r i l y  t o  d e s c r i b e  t h e  r e s u l t s  
from t h e  GEGAS produce r  o p e r a t i n g  w i t h  a h i g h l y  cak ing  c o a l  a t  l o w  
steam consumption. The assumptions and t h e o r y  l e a d i n g  t o  t h e  
mechanical equipment d e s i g n  w i l l  n o t  b e  d i scussed .  However, it i s  
d e s i r a b l e  t o  d i s c u s s  t h e  g a s i f i c a t i o n  p r o c e s s  i t s e l f  t o  d e s c r i b e  
t h e  v a r i o u s  r e a c t i o n  zones i n  t h e  g a s i f i e r .  

The f i x e d  bed g a s  producer  o p e r a t e d  h e r e  h a s  t h e  t r a d i t i o n a l  
counter f low c o n f i g u r a t i o n  i n  which coal s lowly  sett les toward t h e  
g r a t e  wh i l e  it i s  consumed by t h e  uprushing  reactant g a s e s  ( t h e  
s t e a m  and a i r  " b l a s t " ) .  Ash i s  withdrawn from t h e  bottom o f  t h e  
open s h a f t  o f  f u e l  by t h e  g r a t e .  Coal i s  charged  as r e q u i r e d  t o  
ma in ta in  a p r e s e n t  s o l i d s  l e v e l  i n  the r e a c t o r ,  u s u a l l y  between 
f o u r  and twelve f e e t .  The amount of steam admi t t ed  w i t h  t h e  a i r  
is a d j u s t e d  t o  such  a p r o p o r t i o n  o f  t h e  a i r  t h a t  maximum bed 
tempera tures  l i e  somewhere below t h e  p o i n t  where a s h  f u s i o n  
beg ins  t o  g i v e  problems. Opera tor  judgement i n  t h e  l a t t e r  s e t t i n g  
is based  on t h e  c o n d i t i o n  o f  t h e  a s h  be ing  d i scha rged  from t h e  
system, t h e  mechanica l  " f e e l "  of t h e  bed (from poking o r  o t h e r  
feedback i n d i c a t i o n  such  as g r a t e  t o r q u e ) ,  and l o c a l  tempera ture  
measurements, u s u a l l y  from i n d i c a t o r s  i n  t h e  w a l l s  of t h e  s h a f t  
c a v i t y .  

Schemat i ca l ly ,  t h e  reactor system can  b e  r e p r e s e n t e d  as shown i n  
F igu re  2 .  The t empera tu re  p r o f i l e  shows a local  maximum a t  t h e  end 
o f  t h e  o x i d a t i o n  zone. Then t h e  gas  tempera ture  d rops  through t h e  
r e d u c t i o n  zone as t h e  s e n s i b l e  h e a t  drives the r e a c t i o n s  o f  

and 

The p o i n t  a t  which t h e s e  r e a c t i o n s  " f r e e z e "  marks t h e  end o f  t h e  
r e d u c t i o n  zone. I t  can b e  u s e f u l l y  c h a r a c t e r i z e d  as a p o i n t  o f  
r e a c t i o n  e q u i l i b r i u m  f o r  the purposes  o f  producer  modeling even 
though it i s  known t o  b e  on ly  a pseudo e q u i l i b r i u m ( 7 ) .  Above t h a t  
p o i n t  t h e  gas  s imply  t r a n s f e r s  s e n s i b l e  h e a t  t o  t h e  incoming c o a l .  
The e f f e c t  o f  t h i s  r e g e n e r a t i v e  h e a t  exchange a t  each  end of t h e  
g a s i f i e r  s h a f t  i s  t o  f o r c e  s e n s i b l e  h e a t  toward t h e  c e n t e r  o f  t h e  
r e a c t o r  s h a f t  where it i s  u t i l i z e d  t o  d r i v e  t h e  above r e d u c t i o n  
r e a c t i o n s .  Converse ly ,  h e a t  loss from t h e  r e a c t o r  has  a d e l e t e r i o u s  
i n f l u e n c e  on t h e  e f f i c i e n c y  o f  conve r t ing  l a t e n t  h e a t  o f  t h e  coal t o  
l a t e n t  h e a t  i n  t h e  producer  gas .  A n  estimate o f  th is  e f f e c t  h a s  been 
made us ing  a s imple ,  one-dimensional model. o f  t h e  r e a c t i n g  system. 
The r e s u l t s  i n d i c a t e  t h a t  abou t  two B t u ' s  o f  l a t e n t  h e a t  i n  t h e  pro- 
d u c t  g a s  are d i s p l a c e d  f o r  eve ry  g t u  l o s t  from t h e  convers ion  p rocess  . 
A s  a r e s u l t ,  it i s  impor t an t  t o  minimize the rma l  losses i n  t h e  conversion 
p r o c e s s .  

C + H 2 0  + CO + H 2  

c + co2 z 2CO.  

(6) 

EQUIPMENT 

V e s s e l  

The GEGAS-D g a s i f i e r  vessel i t s e l f  i s  a 5' O.D. s h e l l  w i t h  1" 
t h i c k  w a l l s  o f  285 g rade  C steel. I t  i s  shown i n  F igu re  3 .  Since  
the vessel i s  an expe r imen ta l  appa ra tus ,  ready  access t o  t h e  v e s s e l  
i n t e r i o r  and mechanicals  i s  provided  by several 5 '  f l a n g e s  which 
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a l low t h e  v e s s e l  t o  be s e p a r a t e d  e a s i l y  by means of  a h y d r a u l i c  
l i f t i n g  system and r o l l e r  scheme. S ince  t h e  vessel proper  i s  2 4 '  
i n  h e i g h t  wi th  c o a l  lockhoppers  above and ash  lockhoppers  below, 
a 6 0 '  enc losed  tower was c o n s t r u c t e d  i n t e g r a l l y  w i t h  t h e  g a s i f i e r  
suppor ts  w i t h  a f l o o r  every  1 0  f e e t  t o  provide  working a c c e s s  t o  
t h e  v e s s e l .  The t o p  hemi-head of t h e  v e s s e l  i s  even wi th  t h e  
f o r t y  f o o t  l e v e l  of  t h e  tower as shown i n  F i g u r e  4 .  (The e x t r u d e r  
i s  n o t  connected t o  t h e  g a s i f i e r  i n  t h e  arrangement shown.) 

The v e s s e l  s h e l l  and mechanicals ,  weighing on t h e  o r d e r  of 
55 t o n s ,  a r e  suppor ted  from a p o i n t  j u s t  below t h e  s tar t  of t h e  
t o p  hemi head t o  minimize t h e  e f f e c t  o f  thermal  expansion and 
provide e a s y  disassembly.  The e x t e r n a l s  such a s  lockhoppers  a r e  
b o l t e d  d i r e c t l y  t o  t h e  g a s i f i e r  b u t  a r e  supplementa l ly  suppor ted  
w i t h  c o i l  s p r i n g s .  

The s h e l l  o f  t h e  v e s s e l  is p r o t e c t e d  from t h e  h igh  tempera tures  
of t h e  g a s i f i c a t i o n  process  by two l a y e r s  of  low i r o n ,  c a s t a b l e  
r e f r a c t o r y  w i t h  p r o p e r t i e s  as shown i n  Table  1. Major p e n e t r a t i o n s  
a r e  f lange-cooled.  

TABLE I 

V e s s e l  R e f r a c t o r i e s  P r o p e r t i e s  

Thickness ( i n )  
3 Densi ty  ( lbm/f t  ) 

Conduct iv i ty  (Btu- in /hr - f t  -OF) 
@1500°F 

Cold Crushing S t r e n g t h  ( p s i )  

2 

Hard-Cast I n s u l a t i n g  
I n n e r  Layer Outer Layer 

3 3/4 
165 

1 0 . 4  

5000 

8 3/4 

80 

1 . 8  

250  

Mechanicals 

To provide a cont inuous c o a l  f e e d  t o  t h e  g a s i f i e r ,  an auger  
o p e r a t i n g  a t  p r e s s u r e  r e c e i v e s  9 c u b i c  f o o t  ba tches  of  c o a l  from 
t h e  feed  lockhopper and meters  it h o r i z o n t a l l y  i n t o  t h e  v e s s e l .  
In  a d d i t i o n  t o  p r o v i d i n g  cont inuous  r a t h e r  than  ba tch  v e s s e l  feed ,  
t h i s  arrangement reduces  lockhopper e l e v a t i o n  w i t h  t h e  s i d e  feed  
c o n f i g u r a t i o n ,  and f o r c e s  t h e  c o a l  i n t o  t h e  g a s i f i e r  under  condi-  
t i o n s  of t a r  condensa t ion  and d e p o s i t  accumulat ion.  

Condi t ioning of t h e  bed from t h e  combustion zone upward is 
accomplished with a st irrer mechanism t h a t  e n t e r s  t h e  g a s i f i e r  
through t h e  c e n t e r  of t h e  t o p  hemi-head. Three h o r i z o n t a l  a g i t a t o r  
paddles  a r e  spaced over  t h e  c e n t r a l  d r i v e  s h a f t  and a r e  series 
water  cooled.  The stirrer can  p r e c e s s  from t h e  very t o p  of  t h e  
g a s i f i e r  where it sweeps d e p o s i t s  from t h e  dome and o f f t a k e  a r e a s  
down t o  t h e  v i c i n i t y  Of t h e  g r a t e  t o  break coke format ions .  

1 6 1  



The g r a t e  is equipped w i t h  a s i m i l a r  a g i t a t o r  arm which d i s -  
charges  ash i n  t h e  lower p o s i t i o n  and can b e  r a i s e d  and r o t a t e d  t o  
break  weakly fused  c l i n k e r  format ions .  Discharged a s h  f a l l s  i n t o  a 
p i t  from which it is pushed i n t o  t h e  chute  l e a d i n g  t o  t h e  ash 
lockhopper.  An a s h  quench system i s  provided t o  c o o l  t h e  ash  a s  
needed. This  system a l s o  s e r v e s  t o  recover  some of  t h e  s e n s i b l e  
h e a t  of t h e  a s h  as s team and reduces d u s t  on d i s c h a r g e .  

Gas Handling 

Reactant  a i r  a t  up t o  500 p s i  i s  i n d i r e c t l y  h e a t e d  t o  400°F 
mixed wi th  steam from a 450 p s i  e l e c t r i c  b o i l e r ,  and duc ted  under 
t h e  g r a t e .  Pairs  of o r i f i c e s  are provided i n  t h e  s t e a m  and a i r  
l i n e s  to  cover  t h e  flow ranges d e s i r e d .  

I n s i d e  t h e  g a s i f i e r  t h e  b l a s t  of s team and a i r  p a s s e s  up through 
t h e  c e n t e r  and over  t h e  edges of t h e  g r a t e .  The gas  p a s s e s  upward 
through t h e  v a r i o u s  zones i n  t h e  s e t t l i n g  bed of  c o a l  and e x i t s  
through a f i x e d  d i ame te r  flow nozz le  i n  t h e  g a s i f i e r  o f f - t a k e  f l a n g e .  
From t h i s  p o i n t ,  t h e  h o t  b u t  low p r e s s u r e  gas  p a s s e s  through a d u s t  
cyclone and upward through m u f f l e r s  t o  t h e  f l a r e  on t h e  tower r o o f .  
A l l  of  t h e  gas  produced i n  t h e s e  r u n s  w a s  f l a r e d  h o t .  

I n s t r u m e n t a t i o n  

In  o r d e r  t o  monitor  t h e  o p e r a t i n g  tempera tures  of  t h e  g a s i f i e r ,  
thermocouples were p l aced  a t  one f o o t  increments  a long  two s i d e s  of 
t h e  g a s i f i e r  w i t h  t h e  t i p s  mounted f l u s h  with t h e  i n s i d e  s u r f a c e  of 
t h e  c a s t a b l e  r e f r a c t o r y .  Thermocouples a r e  a l s o  provided t o  measure 
gas  temperatures  throughout  t h e  r e a c t a n t  and product  g a s  systems.  

Thermocouples w e r e  s p o t  welded t o  t h e  v e s s e l  s h e l l  i n  v a r i o u s  
l o c a t i o n s  t o  monitor  metal  t empera tures .  An au tomat i c  c i r c u i t  tests 
t h e s e  tempera tures  a g a i n s t  an o p e r a t o r - s e t  maximum and provides  an 
a u d i b l e  a larm i f  over- temperature  o c c u r s .  

Bed l e v e l  is monitored by a plumb-bob t y p e  system. Resonant- 
t y p e  l e v e l  i n d i c a t o r s  have been employed i n  t h e  lockhoppers .  Coal 
is  weighed by a s t r a i n  gauge t r a n s d u c e r  immediately p r i o r  t o  each 
lockhopper f i l l i n g  c y c l e .  Various p r e s s u r e s  on t h e  g a s i f i e r  lock-  
hopper and gas  h a n d l i n g  systems a r e  measured by i n d i v i d u a l  m i l l i v o l t  
o u t p u t  Bourdon tube t r a n s d u c e r s  so t h a t  pane l  meters  and t h e  computer 
can have a c c e s s  t o  t h e  s i g n a l s .  The q u a l i t y  o f  t h e  g a s  produced i s  
measured wi th  a computer-monitored gas  chromatograph which ana lyzes  
a cooled sample e v e r y  seven minutes .  Volume p e r c e n t a g e s  of  H 2 ,  CO, 
C 0 2 ,  C H 4 ,  0 2  and N 2  are r e p o r t e d .  The d i f f e r e n t i a l  p r e s s u r e  a c r o s s  
t h e  o r i f i c e s  a r e  measured w i t h  s t r a i n  gauge t r a n s d u c e r s .  

The c o n t r o l  p a n e l  f o r  t h e  g a s i f i e r  l a i d  i n  a semi-graphic manner, 
has  proven very  s a t i s f a c t o r y  i n  o p e r a t i o n .  I t  is l a i d  o u t  i n  s e c t i o n s  
SO t h a t  an o p e r a t o r  or o p e r a t o r s  can  s i t  i n  f r o n t  of t h e  pane l  and 
o p e r a t e  and/or t a k e  d a t a  i n  a very s t r a i g h t f o r w a r d  manner. There is 
a m a t e r i a l s  h a n d l i n g  sect ion,  a i r - s team f low s e c t i o n ,  lockhopper 
sequence s e c t i o n ,  and a g a s i f i e r  mechanical  s e c t i o n .  Cont ro l  can 
a l s o  be switched t o  l o c a l  pane ls  by key-operated swi tches  on t h e  
master c o n t r o l  p a n e l .  

The computer based  d a t a  a c q u i s i t i o n  system has  proven t o  be very 
product ive .  During t h e  p a s t  s e v e r a l  r u n s ,  t h e  computer has  recorded 
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a l l  d a t a  i n p u t s  on magnetic t a p e  or  magnet ic  d i s c  and p r e s e n t e d  t h e  
o p e r a t o r  w i th  a v i s u a l  d i s p l a y  of t h e s e  i n p u t s  conve r t ed  t o  appro- 
p r i a t e  eng inee r ing  u n i t s  every  10 seconds .  Th i s  d i s p l a y  f e a t u r e  
has  been extremely h e l p f u l  i n  d a t a  t a k i n g  and g a s i f i e r  o p e r a t i o n .  
I n  a d d i t i o n  t o  gas  flows and g a s  a n a l y s i s ,  it reco rds  o p e r a t i o n  of 
g a s i f i e r  mechanicals i n c l u d i n g  t h e  charged  we igh t s  o f  c o a l .  

OPERATION PROCEDURE 

For t h e s e  runs ,  t h e  g a s i f i e r  w a s  s t a r t e d  on a n t h r a c i t e  c o a l  
t o  m i n i m i z e  t h e  t a r  b u i l d  up on c o l d  s u r f a c e s .  I n  p r e p a r a t i o n  f o r  
o p e r a t i o n ,  t h e  g a s i f i e r  w a s  loaded  wi th  1 1 / 2  fee t  o f  a s h ,  t h e n  
abou t  1 1 / 2  f e e t  o f  wood s c r a p s  and 5 f e e t  o f  a n t h r a c i t e .  Before  
i g n i t i o n ,  t h e  bed w a s  warmed f o r  abou t  an  hour  wi th  400° a i r .  A i r  
f l o w  w a s  t hen  c u t  back and a s imple  hydrogen-fueled i g n i t i o n  t o r c h  
i n s e r t e d  through a removable 1" d iame te r  p l u g  l o c a t e d  a t  t h e  b a s e  
of t h e  wood l a y e r .  T h e  wood l a y e r  provided  f o r  adequate  flame 
sp read  b e f o r e  t h e  c o a l  w a s  i g n i t e d .  

A f t e r  abou t  30 minutes  of t o r c h  a p p l i c a t i o n ,  t h e  t o r c h  w a s  
withdrawn and t h e  a i r  f low i n c r e a s e d  t o  a h i g h  bank c o n d i t i o n  w i t h  
no steam flow. When t h e  lower w a l l  t empera tu res  approached t h e  
maximum a l lowab le  v a l u e s ,  steam w a s  i n t r o d u c e d  a long  wi th  t h e  a i r .  
Once t h e  e x i t  gas  tempera ture  reached  700°F (about  f o u r  t o  s i x  hour s )  
t h e  coal f eed  was swi tched  from a n t h r a c i t e  t o  b i tuminous .  

During t y p i c a l  o p e r a t i o n  t h e  combustion zone w a l l  t empera tu res  
w e r e  main ta ined  a t  m a x i m u m  va lues  u s i n g  t h e  s t e a m  admiss ion  as a . 
c o n t r o l .  The steam r a t io  was n o t  a d j u s t e d  f o r  every  v a r i a t i o n  i n  
t h e  maximum thermocouple r ead ing .  Only obvious  t empera tu re  t r e n d s  
e i t h e r  upwards o r  downwards would encourage steam f low ad jus tmen t .  
Opera tor  judgement i s  an impor t an t  f a c t o r  i n  steam c o n t r o l .  

Ash d i scha rge  t o  t h e  p i t  w a s  i n t e r m i t t e n t  d u r i n g  t h e s e  r u n s .  
P e r i o d i c a l l y  t h e  g r a t e  w a s  s lowly  r a i s e d  and r o t a t e d  t o  b e  s u r e  
t h a t  t h e  w a l l s  w e r e  c l e a r e d  o f  any adhe r ing  s l a g .  The t y p i c a l  
a sh  o u t p u t  w a s  1" - 3" d iameter  chunks o f  c l i n k e r e d  mater ia l .  

abou t  t w o  f e e t  below t h e  t o p  o f  t h e  coal bed .  P e r i o d i c a l l y  it 
was precessed  down t o  an e l e v a t i o n  4 f e e t  above t h e  g r a t e  pan 
and then  r a i s e d  back t o  i t s  o r i g i n a l  p o s i t i o n .  

The st irrer w a s  r o t a t e d  con t inuous ly  t o  a g i t a t e  t h e  r e g i o n  

Using t h e  bed level  d e t e c t o r  and gas  o f f t a k e  t empera tu re  as 
gu ides ,  t h e  c o a l  bed leve l  w a s  main ta ined  c o n s t a n t .  The c o a l  f e e d  
auger  w a s  a l lowed t o  r u n  con t inuous ly  i n  o r d e r  t o  even o u t  t h e  
b a t c h e s  it rece ived  from t h e  lockhopper.  

RESULTS 

The GEGAS-D g a s  producer  h a s  been o p e r a t e d  s u c c e s s f u l l y  t o  
d a t e  on P i t t s b u r g h  # 8  coal a t  p r e s s u r e s  o f  200 and 300 p s i g  i n  r u n  
d u r a t i o n s  of 40 and 10  hour s  r e s p e c t i v e l y .  About 100 hour s  o f  
o p e r a t i o n  a t  200  p s i  o r  above w e r e  accumulated by November, i n  t o t a l .  



From t h e  f i r s t . 4 0  hour  run ,  an  i n t e r m e d i a t e  15-hour p e r i o d  
was taken  f o r  t h e  mass and h e a t  b a l a n c e s  shown i n  Tables  I1 and 111, 
r e s p e c t i v e l y ,  G a s  composi t ion v a r i a t i o n s  over  t h e  p e r i o d  are shown 
i n  F igure  5.  G a s  composi t ions from t h e  GEGAS tes ts  w e r e  ob ta ined  
by c a r e f u l l y  i n t e g r a t i n g  g a s  a n a l y s e s  over  t h e  f i f t e e n - h o u r  run 
per iod .  Mass b a l a n c e  c a l c u l a t i o n s  w e r e  made by f o r c i n g  a n i t r o g e n  
ba lance  t o  o b t a i n  e x i t  gas  flow ( t o  both  t h e  e x i t  o r i f i c e  and 
lockhoppers)  b e f o r e  t h e  carbon ba lance  was computed. Then t h e  oxygen 
ba lance  was f o r c e d  t o  o b t a i n  t h e  e x i t  water  f low. The good ba lances  
on carbon and hydrogen served  as a check t h a t  major masses were 
accounted f o r  and r e s u l t e d  i n  an o v e r a l l  c l o s u r e  w i t h i n  1% i n  s p i t e  
of  a poor a s h  b a l a n c e  which had l i t t l e  impact  because of  t h e  low mass 
involved w i t h i n  t h e  f i f t e e n  hour p e r i o d  s e l e c t e d .  

The h e a t  b a l a n c e  w a s  based on t h e  mass f lows i n  Table I1 and 
was c l o s e d  t o  w i t h i n  5 1 / 2 % .  A l l  computed l o s s e s  from t h e  s h e l l  
t o  t h e  a i r  ( u s i n g  tempera tures  from t h e  s h e l l  t empera ture  alarm 
system) and measured l o s s e s  t o  c o o l i n g  a g e n t s  were inc luded .  
S h e l l  t empera tures  of  270'F were measured a t  t h e  o x i d a t i o n  zone i n  
s u r p r i s i n g  agreement w i t h  280'F c a l c u l a t e d  from t h e  p r o p e r t i e s  i n  
Table  I. 

Heat and mass b a l a n c e s  f o r  t h e  s h o r t e r  300 p s i g  r u n  w e r e  n o t  
ob ta ined ,  b u t  F i g u r e  6 shows t h e  r e s u l t i n g  p r e s s u r e  and h i g h e r  
h e a t i n g  va lue  v a r i a t i o n s .  The run  was s h u t  down normally a f t e r  9 1 /2  
hours .  An average  s t e a m / a i r  r a t i o  of 0 . 2  lbm/lbm w a s  employed 
dur ing  t h i s  r u n  and a w e l l - c l i n k e r e d  a s h  w a s  d i scharged .  

was disassembled and t h e  i n n e r  r e f r a c t o r y  i n s p e c t e d .  The lower 
p a r t  of t h e  s h a f t  w a s  coa ted  w i t h  s lagged  ash  t o  a depth  allowed 
by t h e  paddle  d i a m e t e r s  on t h e  c o a l  and g r a t e  a g i t a t o r s .  There 
were many s i g n s  t h a t  t h e  a s h  w a s  f r a c t u r e d  by t h e  a g i t a t o r s  b u t  no 
evidence t h a t  t h e  r e f r a c t o r y  w a s  f a i l i n g  due t o  i n t e r n a l  f r a c t u r e s ,  
i . e . ,  ash  was b r e a k i n g  from ash r a t h e r  t h a n  r e f r a c t o r y  breaking  from 
r e f r a c t o r y  when a g i t a t o r  f o r c e s  were a p p l i e d .  

A t  t h e  c o n c l u s i o n  of t h e  200 and 3 0 0  p s i g  r u n s ,  t h e  g a s i f i e r  

DISCUSSION 

The i n i t i a l  test r e s u l t s  p r e s e n t e d  i n  t h i s  paper  show t h a t . t h e  
GEGAS-D g a s i f i e r  can o p e r a t e  s u c c e s s f u l l y  w i t h  t h i s  h i g h l y  caking 
c o a l  a t  low s t e a m  consumptions.  The car ryover  of s o l i d s  t o  t h e  
cyclone was o n l y  about  1% of t h e  c o a l  i n p u t  even though crushed,  
run-of-mine c o a l  w a s  employed w i t h  a g i t a t i o n .  

f e e t  v e r t i c a l  r e g i o n  below t h e  t o p  of t h e  c o a l  bed with only 
p e r i o d i c  deep-bed p e n e t r a t i o n s  w a s  adequate  f o r  t h i s  d i f f i c u l t  
f u e l .  A t  t h e  a g i t a t i o n  r a t e s  employed dur ing  t h e s e  two r u n s ,  t h e  
frequency of deep-bed p e n e t r a t i o n  was s a t i s f a c t o r y  when so timed 
t h a t  one and one-half  t o  two f e e t  of a x i a l  c o a l  movement was 
permi t ted  between p e n e t r a t i o n s .  P e n e t r a t i o n  by t h e  ( lower)  ash zone 
a g i t a t o r  was r e q u i r e d  about  every t h r e e - t o - s i x  inches  of a s h  movement. 

Continuous a g i t a t i o n  w i t h  t h e  upper  s t irrer cover ing  t h e  t w o -  
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The r e s u l t i n g  gas  a n a l y s e s  compare f a v o r a b l y  wi th  r e s u l t s  
obta ined  i n  t h e  experiments  of L e w i s ,  L i b e r a t o r e ,  and M c G e e ( 2 )  . 
Table I V  compares t h e  r e s u l t s .  The a i r / c o a l  r a t i o  i s  20% less 
i n  t h e  p r e s e n t  experiments ,  w i t h  only  8% of t h i s  r e d u c t i o n  
a t t r i b u t a b l e  t o  t h e  amount of  f i x e d  carbon i n  each f u e l  and 
about 2 %  f o r  d i f f e r e n c e  i n  s team usage l e a v i n g  a 1 0 %  r e a l  improve- 
ment i n  air  u t i l i z a t i o n .  This  improvement, and the o v e r a l l  i n c r e a s e  
i n  c o l d  gas  e f f i c i e n c y ,  i s  a t t r i b u t a b l e  l a r g e l y  t o  t h e  d i f f e r e n c e  
i n  c o a l  bed containment i n  t h e  two systems.  The p r e s e n t  g a s i f i e r  
was w e l l  i n s u l a t e d  and had measured and computed l o s s e s  of 3.7% of  
t o t a l  i n p u t  en tha lpy .  The h e a t  losses e s t i m a t e d  by L e w i s ,  e t .  a l .  
f o r  t h e i r  tests was 10-13%. 

The a b i l i t y  of t h e  s t i r r e d ,  f i x e d  bed g a s i f i e r  t o  produce a 
cont inuous flow of a r i c h  gas  i n  a r e l i a b l e  f a s h i o n  wi th  a h i g h l y  
caking c o a l  a t  p r e s s u r e  w a s  a f f i rmed i n  t h e s e  p r e l i m i n a r y  GEGAS-D 
t r ia l s .  Moreover, t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  g a s i f i e r  
seem w e l l - s u i t e d  f o r  combined-cycle powerplant  a p p l i c a t i o n s .  
Ins tan taneous  demands f o r  gas  can  be m e t  i n i t i a l l y  by only i n c r e a s i n g  
flows of a i r  and steam t o  t h e  r e a c t o r .  The accompanying necessary  
i n c r e a s e  i n  c o a l  flow can be d e f e r r e d  f o r  s e v e r a l  minutes because 
of t h e  l a r g e  carbon inventory  i n  t h e  system. The a b i l i t y  t o  a b o r t  
o p e r a t i o n ,  bank f o r  long  p e r i o d s  of  t i m e ,  and even b o t t l e  up h o t  
f o r  hours  wi thou t  r e i g n i t i o n  on r e s t a r t  has  been achieved  w i t h o u t  
e i t h e r  bed "dumping" phenomena o r  s p e c i a l i z e d  s o l i d s  handl ing  
procedures .  This  i s  very a t t r a c t i v e  f o r  load-fol lowing o p e r a t i o n s  
i n  power p l a n t s .  The f a c t  t h a t  t h i s  high coal- to-gas  conversion i s  
obta ined  i n  a s i n g l e  process  s t e p  i s  viewed a s  an a d d i t i o n a l  advantage.  

CONCLUSIONS 

It i s  concluded from t h e s e  pre l iminary  t r i a l s  t h a t  c rushed ,  run-of-  
mine, h ighly  caking P i t t s b u r g h  # 8  c o a l  can be g a s i f i e d  s u c c e s s f u l l y  i n  
a fixed-bed g a s i f i e r  w i t h  p e r i o d i c  deep-bed a g i t a t i o n .  This  v e r i f i e s  
and extends r e s u l t s  ob ta ined  on t h e  Morgantown Energy Research Center  
g a s i f i e r  with cont inuous deep-bed a g i t a t i o n .  R e s u l t s  from both  
experiments confirm t h a t  t h i s  d i f f i c u l t  c o a l  can b e  g a s i f i e d  w i t h  a 
low steam consumption w i t h  s team-to-a i r  mass r a t i o s  near  o r  less 
than 0 . 2  i n  t h e  r e a c t o r  b l a s t  a t  p r e s s u r e s  between 6 and 20 a tmospheres .  
Moreover, t h e  p r e s e n t  experiment  has  g iven  a pre l iminary  i n d i c a t i o n  
t h a t  r e f r a c t o r y - l i n e d  s h a f t s  a r e  compatible  w i t h  low s t e a m / a i r ,  
s t i r r e d - b e d  o p e r a t i o n s  wi th  t h i s  d i f f i c u l t  c o a l .  The use  of i n s u l a t e d ,  
r a t h e r  than water-cooled s h a f t s  and p e r i o d i c  vs. cont inuous bed 
a g i t a t i o n  seems t o  be worth from 5 t o  1 0  p o i n t s  i n  co ld  gas  convers ion  
e f f i c i e n c y  i n  3 t o  3 1 / 2  f o o t  d iameter  p i l o t  u n i t s .  

q u i c k l y  t o  load  demands and t o  measure t h e  e f f e c t s  of demand on gas 
q u a l i t y  and process  e f f i c i e n c y .  

F u r t h e r  work w i l l  a t tempt  t o  q u a n t i f y  t h e  a b i l i t y  t o  respond 

165 



I 
0 
m 
I 

N O I O O O O I  
o m o o o v I  
d d d d 0  
, . . . . . m 

QI 

0 
. 

c 
N h  

1 -  Imc: I I I 
I . . I . )  I 
IO41 I t  
I r n W I  ru I 1  I *  r- 

y1s 1 9  v) 
0 9  

166 

0 

Om 

u 
c 
P) u -  



5 
8 7 
rn 
a, 

G m 
rl m 

4J 

a, 
X 

I 

H 
H 
H 

al rl 
J2 
H 

a 

W 
C 
r 

o *  

r 

n 

r - 

I 

w w  w 
W 0 0 0  
0 rlrlrl 
rl x x x  x m e w  
m w m r l  

m r l r l  . . .  W 

t r 

w 
0 
rl 

N 
x . 

-7 w w  w 
0 0  0 
r l r l  rl x x  x 
4 4  m 
0 0  m 
m m  w . .  

w w  
w 0 0  
0 4 4  r l x x  
X m m  
e m 0  
N N w  

w o o  
. . .  

A 

w w  
w o  
O d l  
rl X I  
X r l l  
l - W I  
N W I  

rl 

. .  
m o  

w w  
I O 0  
I r l r l  
I x x  
I m m  
I m o  
I N w  
I a .  

0 0  

0 
r-i x 
rl 
w 
w 

o 

0 0 0 0  
w m m w  

m m  

w I l l  
0 1  I I 
d I  I I 
X I ’ I  I 

e 1  I I . . . .  
N I  I I 
* I  I I 

w l  I I 
r l I  I I 

m 
0 
m 

N 
rl 

0 

o o e m  0 
N P m  m m e m  m 
r l m  m 

u, - 
a, wcvw 
10 m m o  W m ‘ I d  0 w o o x  rl 

X N W  X a 00- 0 
a, m r l m  N x w - .  m 

.PI e x r - i  
F II II 0 

W 
0 
rl 
X 
e 
m 
e 
rl 

ID 
0 
rl 
X 
ID 
w 
m 
rl 

0 
cv 
0 
A 

0 
0 00 

m 4 
O r  o m  

w w w  
000 
dr l r l l  I I 
X X X l  I I 
d P ’ 9 . I  I I 
m m w i  I I 
w o m l  I I 

m e r 4  
. . .  

w w  
00 
r l r l  
x x  
mr- 

w m  
O m  

e .  

00 

.lJ 
w o m  I I I u m o  I 
vo r - l  I I a , c O O l  
m d m i  I i r l m m i  

- - - I  I I t r , - . 1  
c r r l m  I I I a , m w  I 

W N I  I I Z  r - i l  

m e w  N N  . . . . . . . . . .  
o w m w o m ~ r l m r l  o m d  o o w m m m  m m w  
m W N 
rl N 

W W Y  



Run 
Coa 

200 p i g  

Table IV. C o m p a r i s o n  w i t h  R e s u l t s  of L e w i s  e t  al. 

300 p s i g  

R e f e r e n c e  ( 2 )  (MORGAS) 

1 1  2 
n a l y s i s  t 

U l t i m a t e  6 C 
H 
0 
N 
S 

A s h  

VM 
F C  

Prox. % H20 

76.9 
5.5 
6 .2  
1 . 3  
2.4 
7.7 
1 . 3  

36.8 
54.2 

A s h  I . D .  T e m p .  (OF) (Reducing) 
FSI 8 
HHV ( B t u / l b m )  13850 

S t e a m / A i r  ( l b m / l b m )  0 .15  
P r e s s u r e  ( p s i g )  80 
A i r / C o a l  ( l b m / l b m )  3.32 
Gas (d ry ,  cold % ) :  

co 20.0 
H2 15 .5  
CH4 2.8 

54.5 
c02  7.2 

HHV Btu/sf!S 142  

E f f i c i e n c y :  

C o l d  G a s  I-IHV 64 
coal HIIV (XI 

0.16 

3.31 
80 

20.5 
15.6 

2.4 
8.7 
53.2 

145 

68 

These R e s u l t s  (GEGAS) 

67.42 
4.98 
7.39 
1 .35  
3.82 

15.02 
2.53 

32.75 
49.70 

2010 
1 

12303 

0.17 

2.63 
225 

23.8 
17  .O 

3.2 
6 - 7  

49.2 
160 

74 

30 0 

A v e r a g e s  Not 
Made 

c 
4 7 5  ( c f .  F ig .6 )  
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-1 Tar System b-1 

F i g u r e  1. I n t e g r a t i o n  of t he  GEGAS G a s i f i e r  I n t o  An 
Advanced Combined Cycle.  

25% CO 
15%H2 

T R  GAS I 50% N2 

3%CH4 
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Figure  2 .  Reac t ion  Zones i n  a Fixed  Bed Producer .  
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Figure  5.  Gas Composi t ions (vo i .  % ,  Dry) From Run 
a t  225 p s i g .  

3 Figure  6 .  P r e s s u r e  ( p s i g )  and Gas Heat ing Value ( B t u / s f t  ) 
From Run a t  300 p s i g .  
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